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Background: Endometriosis is characterized by the persistence of endometrial tissue in ectopic sites outside the
uterine cavity. Presence of nickel, cadmium and lead in ectopic endometrial tissue has been reported previously.
While any association between blood levels of nickel and endometriosis is yet to be described in literature,
conflicting reports are available with regards to cadmium and lead levels in blood and urine.
Findings: In fifty patients with endometriosis and fifty age-matched controls confirmed by laparoscopy or
laparotomy, whole blood samples were collected and digested using supra pure 65% HNO3. Whole blood levels of
nickel and lead were measured using Total Reflection X-ray Fluorescence (TXRF) while cadmium levels were
evaluated using graphite furnace atomic absorption spectroscopy (GFASS). Women with endometriosis had
significantly higher (P=0.016) geometric mean (95% CI) whole blood nickel levels [2.6(1.9-3.3) μg/L] as compared to
women without endometriosis [0.8 (0.7-0.9) μg/L]. Whole blood levels of cadmium and lead were similar between
the two groups.
Conclusions: Although women with endometriosis in this study population had higher levels of nickel in whole
blood compared to controls, whether nickel could be considered as an aetiological factor in endometriosis remains
inconclusive in view of the smaller sample that was evaluated.
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Background
Endometriosis is an estrogen dependent chronic inflam-
matory disease characterized by the survival of endomet-
rial tissue outside the uterine cavity [1]. Endometriosis
which affects an estimated 6-10% of women of the repro-
ductive age group, is a considerable burden to affected
women, their families and healthcare systems [2].
Among the etiological factors that promote the survival
of ectopic tissue, estrogenic compounds that promote pro-
tracted continuation these tissues are gaining prominence
supported by persuasive evidence from in vitro, in vivo
and human studies [3].
Compelling molecular [4], in vitro[5] and in vivo[6] evi-
dence for the ability of metal ions to activate the estrogen* Correspondence: yasanga@sjp.ac.lk
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reproduction in any medium, provided the orreceptor [7] has defined a group of xenoestrogens termed
metalloestrogens [8]. While evidence for the purported
estrogenicity of cadmium are in plenty, estrogenic proper-
ties of other metals such as nickel have also been demon-
strated by some research groups [9].
In vivo experiments by Krugner-Higby et al. [10] have
demonstrated that the occurrence of endometriosis was
higher in six female rhesus monkeys exposed to a daily
intake of 5 to 10 mg/Kg of lead as compared to a control
group (n= 4) given lead-free water over a period of 19
years, but the difference was not statistically significant,
probably due to the small sample size [10].
We have previously demonstrated the presence of cad-
mium, lead and nickel in ectopic endometrial tissue in a
group of Sri Lankan women [11]. Heavy metals enter the
human body either by ingestion or inhalation and are sub-
sequently transferred to the vascular compartment (blood)
[12]. Metals derived from the circulation get deposited in
the tissues by various mechanisms [13]. We hypothesizedd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
Table 1 Levels of metalloestrogens in whole blood (μg/L)
of cases and controls
Metalloestrogen Cases (n=50) Controls (n=50) P value†
Nickel 2.6 (1.9-3.3) 0.8 (0.7-0.9) 0.016
Lead 11.0 (8.6-13.3) 6.9 (5.7-8.0) 0.389
Cadmium 0.7 (0.7-0.9) 0.8 (0.6-1.0) 0.423
Data expressed as geometric mean (95% CI).
† t-test between blood levels of cases and controls.
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metals in the ectopic endometrial tissue.
The present study was conducted with the objective of
exploring further the association between endometriosis
and whole blood levels of cadmium, lead and nickel in the
same group of women with endometriosis who were pre-
viously studied. We compared the whole blood levels of
the cadmium, lead and nickel in women having endomet-
riosis (in whom these metals were detected in ectopic
endometrial tissue -cases) with the blood levels of same
metals in women who had no evidence of endometriosis
(controls).
Methods
This case control study was conducted among women of
the reproductive age group, at the Professorial Gynecology
Unit of the National Hospital, Colombo, Sri Lanka.
Patients awaiting elective laparotomy or laparoscopy for
diagnostic and/or treatment purposes were included.
Those who were diagnosed visually as having endome-
triosis subsequent to laparotomy or laparoscopy were
selected as cases (n=50). Apart from the ectopic endomet-
rial tissue sample that was collected as described in the
previous study [11], simultaneous venous blood sample
was collected from each case. Women matched for age in
whom endometriosis had been excluded by laparoscopy
or laparotomy were recruited as controls (n=50). Indica-
tions for laparoscopy or laparotomy in controls were sub-
fertility, dysmenorrhea, chronic pelvic pain or detection of
an ovarian mass in ultrasound scan.
A sample of venous blood was collected from all partici-
pants during intravenous cannulation at the time of induc-
tion of anesthesia into polypropelene tubes containing
ethylene diamine tetraacetic acid (EDTA). Pre-operatively,
informed written consent was obtained from all the parti-
cipants. All the blood samples were stored in a −20°C
freezer until analysis.
Whole blood samples were digested using a protocol
described previously [14] with some modifications. Briefly,
matched blood of cases and controls were allowed to
reach the room temperature. Then whole blood samples
were transferred to pre-treated, acid washed glass beakers.
The wet weight of each sample was determined using a
chemical balance. Each sample was prepared in duplicate.
All the blood samples were digested using 65% supra pure
Nitric acid (HNO3, Merck, USA) while maintaining a uni-
form temperature. The final solution was made in 2mL of
5% HNO3 that was prepared by diluting the 65% supra
pure HNO3 with double distilled deionized water.
The total-reflection X-ray fluorescence (TXRF) machine
available at the Atomic Energy Authority (AEA) of Sri
Lanka was utilized to measure metals apart from cad-
mium. TXRF is a multi element analysis technique [15]
capable of detecting an array of elements at detectionlevels of picograms per liter (pg/L) [15]. An internal stand-
ard, Gallium, allows quantification of metals using the
Axil software. However, the TXRF that was used had an
inherent weakness in measuring cadmium since it had a
Molybdenum x-ray tube. Therefore, we used atomic ab-
sorption spectroscopy (model GBC 933AA) together with
a graphite furnace (model GBC GF 3000) available at the
Institute of Fundamental Studies (IFS), Kandy, Sri Lanka
to estimate cadmium levels as described elsewhere[16].
Both AEA and IFS [16] are national level apex institutions
in Sri Lanka that have international certifications for trace
element analysis where regular quality assurance pro-
grams are conducted.
Quality control and validation were performed using
reference material supplied by the International Atomic
Energy Authority (IAEA-A-13), Seronorm™ trace ele-
ments in whole blood levels 1 (MR 4210) and National In-
stitute of Standards & Technology (NIST) Gaithersburg,
USA water sample with trace elements (SRM 1643e). For
96% of the determinations, repeatability error did not ex-
ceed 10%. The detection limits for nickel, lead and cad-
mium in whole blood were as follows 0.05, 1.0, 0.01 μg/
L. The precision for nickel, lead and cadmium in the range of
the samples analyzed in this study was + 2, 3 and 6%,
respectively.
SPSS version 13 for Windows was used for statistical
analysis. Log transformation of metal levels was done and
means were compared using t-test.
Ethical clearance was obtained from the Ethical Review
Committees of the Faculty of Medical Sciences, University
of Sri Jayewardenepura and the National Hospital of
Sri Lanka.
Results and discussion
Mean (±SD) age in cases and controls were 33.0 (±5.4)
and 32.7(±5.4) years respectively. Cases and controls were
similar in body mass index while none of the women who
participated in the study were current smokers. Other
demographic, biological and dietary characteristics of this
group of women with endometriosis have been described
previously [17].
Cadmium, lead and nickel were detected in whole blood
of all the participants. The whole blood nickel levels in
cases were significantly higher compared to controls.
Cases had lower whole blood cadmium levels and higher
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rences were not statistically significant (Table 1).
Environmental pollution has been identified as a poten-
tial cause for the increase in the prevalence of endome-
triosis following industrialization [18]. Heavy metals are
gaining prominence as pollutants that could affect human
health profoundly, especially in the face of escalating levels
of environmental contamination [19]. Women are suscep-
tible to heavy metal toxicity due to differences in kinetics,
mode of action, susceptibility and exposure [20,21].
The demonstration of higher levels of nickel in whole
blood in women with endometriosis as compared to con-
trols in our study is a novel finding. Hitherto, there is no
published literature that has investigated the nexus bet-
ween nickel and endometriosis. The whole blood nickel
levels we are reporting are comparable to those reported
from women in the general population in different coun-
tries [22,23]. Thus the levels we have detected are essen-
tially non toxic levels although cases had higher nickel
levels which may have contributed towards the presence
of nickel in ectopic endometrial tissue.
Nickel similar to other heavy metals, primarily enters
the human body either by ingestion or inhalation [24]. In
addition, nickel is a common metal found in accessories
frequently used by women [20] and its absorption via in-
tact or damaged skin has been demonstrated [25]. Martin
et al. [26] assessed the estrogenic potency of metals using
the 50% effective concentration (EC50) of different metals
as determined from dose–response curves performed in
MCF-7 cells transiently transfected with the luciferase re-
porter construct. They found that nickel had a relative
potency of 1.0 compared to estradiol [26] implying that
nickel is a potent metalloestrogen.
Humans studies that attempted to elicit the association
between cadmium and lead and endometriosis have yiel-
ded conflicting results. In a population based study in the
United States, high blood concentrations of cadmium
were associated with endometriosis [27]; while a study
done in Belgium reported similar levels of cadmium and
lead in blood in both cases and controls [28]. Urinary
cadmium concentrations were similar in cases with endo-
metriosis and controls [28,29]. The results of this study
are in agreement with the previously published research
apart from that of Jackson et al. In the study conducted by
Jackson and co workers that probed the association bet-
ween cadmium and endometriosis, a considerable number
of women with endometriosis were smokers [27]. In con-
trast, in our cohort of women none were current smokers.
In conclusion in this group of women with endometriosis
higher blood levels of nickel were observed. Whether nickel
could be considered as an etiological factor in endometri-
osis remains inconclusive considering two factors, namely
the small sample size evaluated in this study and the ab-
sence of a previous report of such a link. However based onthe available scientific evidence for occupational and envir-
onmental exposure of women to metals including nickel,
future research would prove to be invaluable in further ex-
ploring the association between nickel and endometriosis.
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